T are Gram-stain-negative, non-motile, non-spore-forming, non-capsulated short rods that form small dark yellow colonies. This slow growing bacterium is psychrotolerant and grows between 0 and 36 C. It displays a narrower pH tolerance (5.3-8. 3) than most acidobacteria. The strain is an aerobe that grows chemoorganotrophically utilizing mostly sugars and proteinaceous substrates such as peptone, yeast extract, casein hydrolysate and casamino acids as substrates. Diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, phosphatidylglycerol and two unknown phospholipids are identified as polar lipids. Major fatty acids are iso-C 15 : 0 , summed feature 3 (C 16 : 1 !6c/C 16 : 1 !7c), C 18 : 1 !9c and iso-C 17 : 1 !9c. The major respiratory quinone is MK-8. The G+C content of the genomic DNA is 64.7 mol%. 16S rRNA gene sequence analysis indicated that this bacterium was related to Vicinamibacter silvestris Ac_5_C6
T with 93.6 % sequence similarity. Based on the present taxonomic characterization, strain HEG_-6_39
T represents a new species of a novel genus for which the name Luteitalea pratensis gen. nov., sp. nov., is proposed. The type strain of the type species is HEG_À6_39 T (=DSM 100886 T =KCTC 52215 T ).
Acidobacteria represent a dominant group of soil bacteria that constitute on average 20 % of bacterial communities in soils [1] . They represent a highly diverse phylum that inhabits a wide range of environments like soils [2] [3] [4] , rhizosphere [5, 6] , sponges [7] , deep sea [8, 9] and caves [10] , but also extreme habitats such as hot springs [11] , acidic mining lakes [12] and uranium-contaminated soils [13] . Genome information has given valuable suggestions as to why the members of this phylum are successfully adapted to harsh environments, namely the utilization of a wide variety of carbohydrates as substrate, large number of high-affinity transport systems, resistance to antibiotics, and production of secondary metabolites and exopolysaccharides [14] . Twenty-six phylogenetic subdivisions (sd) of Acidobacteria, equivalent to class level, are currently recognized [13] . Of these, sd1, sd3, sd4 and sd6 are the most abundant subdivisions in soils [1, 2] . Despite the steadily growing number of acidobacterial 16S rRNA gene sequences, the cultured diversity of this phylum remains very limited. So far, just 48 species have been described, belonging to only seven of the 26 subdivisions (sd1, sd3, sd4, sd6, sd8, sd10 and sd23). Cultivation success so far is strongly biased towards sd1 Acidobacteria, to which the majority of isolates (28) are affiliated. In contrast, the first and only representative of sd6, Vicinamibacter silvestris Ac_5_C6 T , was only very recently described [15] . Despite the low cultivation success, sd6 represents the most numerous and phylogenetically diverse acidobacterial subdivision [16] . The lack of representative isolates has hampered a better understanding of the ecological roles of this subdivision in the soil environment.
In the present study a new representative of Acidobacteria sd6 was successfully isolated from a soil sample collected from a temperate grassland soil and characterized by a polyphasic approach. 
Strain HEG_À6_39
T was isolated from a mown pasture grassland soil in Thuringia (central eastern Germany) located close to Mühlhausen (51 12¢ 53.971 † N 10 23¢ 27.992 † E). The sample was collected under the framework of the Biodiversity Exploratories [17] . The soil sample consisted of a homogenized mixed sample of 14 subsamples taken from the upper 10 cm of soil, from which pebbles and plant roots had been removed. The soil had a slightly acidic pH of 5.74 (determined in 10 mM CaCl 2 ). Relatively low nutrient concentrations, long incubation periods and the use of gellan gum as solidifying agent were used for isolation based on previous reports [18] [19] [20] . Total bacterial cell numbers were determined as described by Lunau et al. [21] . For the isolation of bacterial strains, 100 mg of soil was diluted in 900 µl of 10 mM HEPES, pH 7.0, and vortexed. The suspension was further diluted (10 mM HEPES pH 7.0) to 10
À6
and 100 µl (approximately 3000 cells) of this dilution was plated on SSE/HP (pH 7.0) plates. This medium is based on soil solution equivalent (SSE; [22] ), supplemented with peptone, yeast extract, 10-vitamin solution [23] and trace element solution SL-10 [24] , and was solidified with 0.8 % (w/ v) gellan gum. Instead of MES, HEPES was used as buffering agent [25] . Cultivation proceeded for 4 months at room temperature in darkness. After this period, single colonies were picked and subsequently re-streaked to obtain pure cultures. For maintenance of cultures, and for metabolic and physiological tests, SSE/HD1 : 10 (pH 7.0) medium was employed, unless stated otherwise (Supplementary Material and Methods, available in the online Supplementary Material; [25] ). This medium was modified after the DSMZ medium 1426 buffered with HEPES instead of MES. Phenotypic characterization was performed as described previously [15, 25, 26] .
Strain HEG_À6_39
T formed round, convex, dark yellow colonies with entire margins that reached 0.5-1.0 mm in diameter within 10 days of growth at 28 C. Light microscopic observations revealed that the cells divided by binary fission and were rod shaped, 0.9-1.4 µm long and 0.6-0.75 µm in diameter. Cells were observed under a light microscope (Zeiss Axio Lab. A1; Carl Zeiss, with AxioCam Mrm camera) after Gram [27] , India ink and malachite green staining [28] . The strain stained Gram-negative and was non-spore-forming, similar to described members of the phylum Acidobacteria. Capsules could not be detected as in the case of Vicinamibacter silvestris Ac_5_C6 T [15] , the only validly described member of sd6 (Table 1) . Cells for transmission electron microscopy were frozen at high pressure and cryosubstituted to minimize artefact formation due to shrinking of cells during chemical fixation [29] . The ultrastructural analyses confirmed the Gram-negative cell-wall structure of strain HEG_À6_39
T and revealed large amounts of ribosomes and intracellular inclusion bodies ( Fig. 1) , as observed before for other members of Acidobacteria [15, 30, 31] .
Catalase activity was determined as described by Cowan et al. [32] . Strain HEG_À6_39
T tested positive in accordance with the majority of acidobacterial isolates. Cytochrome coxidase activity was analysed using Bactident Oxidase (Merck). Unlike Vicinamibacter silvestris Ac_5_C6 T the novel isolate tested negative ( Table 1) .
The relationship of strain HEG_À6_39
T to oxygen was assessed in triplicate in liquid anoxic SSE/HD1 : 10 at 28 C. No growth was detected, confirming the strain to be an aerobe. Growth ranges and optima of temperature and pH were determined in triplicate in oxic, liquid SSE/HD1 : 10 medium [15, 25, 33] . Growth was tested between pH 1.0 and 12.0, and depending on the pH value MES, HEPES, HEPPS or CHES (10 mM each) (Sigma-Aldrich or Applichem) were used as buffers. The temperature range for growth was tested between 0 and 45 C. Salt tolerance was determined in modified DSMZ medium 1124 (10 mM HEPES buffer, 0.1 ml 10-vitamin solution l À1 [23] and 1 ml trace element solution SL-10 l À1 [24] ), as the SSE/HD1 : 10 medium already contains different salts. NaCl concentrations between 0 and 10 % (w/v) were tested. Strain HEG_À6_39 T grew from pH 5.3 to 8.3 (optimal pH 6.1-7.5). Optimum temperatures for growth were between 20 and 30 C, although strain HEG_À6_39 T was capable of slow growth at temperatures between 0 and 36 C. Compared to Vicinamibacter silvestris Ac_5_C6 T , it tolerated a narrower range of pH, but it could grow at much lower temperatures (Table 1) . This feature may be related to the origin of the strains, since Vicinamibacter silvestris Ac_5_C6
T was isolated from a Namibian savannah soil whereas strain HEG_À6_39 T was isolated from a German grassland where average soil temperatures in winter months are between À1 and 6 C. The psychrotolerance observed for strain HEG_À6_39
T is a trait shared with other acidobacterial genera, namely Granulicella, Bryobacter and Paludibaculum, all isolated from northern Russia peat bogs or northern Finland soils [34] [35] [36] [37] . Similar to most Acidobacteria, the new isolate tolerated NaCl concentrations up to 1 % (w/v), although it grew best at concentrations between 0 and 0.25 % (Table 1) . Doubling time under optimal conditions was 29.8 h, which is significantly slower than the majority of acidobacterial isolates studied to date.
The ability of strain HEG_À6_39
T to metabolize different substrates was evaluated in three parallel tests using liquid SSE supplemented with 0.1 ml 10-vitamin solution l
À1
[23] and 1 ml trace element solution SL-10 l À1 [24] . Sugars, organic acids, keto acids, alcohols, amino acids, casamino acids, casein hydrolysate, laminarin, peptone, yeast extract and Tween 80 were added to the medium as sole carbon sources. The final concentrations of each substrate have been previously described [15, 33] . Solidified SSE medium supplemented with 0.005 % (w/v) yeast extract was used to investigate the degradation of complex substrates such as cellulose, chitin, starch, xylan, pectin and lignin (0.5 ml l À1 final concentration of each polymer). Suitable aqueous staining solutions were employed to determine the ability of strain HEG_À6_39
T to degrade the polymeric substrates [26] . Exoenzyme activities, nitrate reduction, indol production, fermentation of glucose, b-galactosidase, arginine dihydrolase and urease activities, and gelatin and aesculin hydrolysis were determined using the API ZYM and API 20NE test systems (bioM erieux) following the manufacturer's instructions. The utilization of carbon substrates could not be determined using API 20NE as the medium employed is not suitable for growth of this strain. Substrate utilization was mostly restricted to sugars and proteinaceous substrates such as peptone, yeast extract, casein hydrolysate and casamino acids (Table S1 ). This is a common feature of sd1 and also of Vicinamibacter silvestris Ac_5_C6
T . No degradation of polymeric substrates was detected for strain HEG_À6_39
T , despite the detection of 104 glycoside hydrolase genes in the genome of this strain [38] . Most of the predicted pathways for polymer degradation are not complete, with the exception of chitin where an N-acetyl-b-glucosaminidase and two chitinase genes are found. The pattern of exoenzyme activity for this strain was similar to that of its closest described relative Vicinamibacter silvestris Ac_5_C6 T , although no valine arylamidase, cysteine arylamidase or gelatinase activities could be detected.
Isoprenoid quinones were extracted from dried biomass with chloroform/methanol (2 : 1, v/v; [39] ) and subsequently analysed via HPLC [40] . For fatty acid analysis, cells were grown for 10 days at 28 C in SSE/HD1 : 10 medium (pH 7.0). Fatty acids were extracted, saponified and methylated according to standard protocols of the Microbial Identification System (MIDI Inc.; version 6.1; [41] ). Compounds were identified against the TSBA40 peak naming table database. The polar lipid composition of strain HEG_À6_39
T was analysed by two-dimensional TLC (modified after [42, 43] ). The analysis of isoprenoid quinones revealed menaquinone-8 (MK-8) to be the sole respiratory quinone in HEG_À6_39 T , which is in accordance with the majority of the described representatives of Acidobacteria. The major polar lipids detected were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, phosphatidylglycerol and two unknown phospholipids (Fig. S1 ). With the exception of the unknown phospholipids, the composition of the polar lipids resembles that of Aridibacter [33] and Stenotrophobacter species [26] , which are members of sd4. The polar lipid composition is also similar to that reported for Vicinamibacter silvestris Ac_5_C6 T , but in the latter an unknown glycolipid was detected [15] . The major fatty acids were iso-C 15 : 0 (30.3 %), summed feature 3 (C 16 : 1 !6c/C 16 : 1 !7c) (18.4 %), C 18 : 1 !9c (17.1 %) and iso-C 17 : 1 !9c (15.7 %). Additionally, iso-C 17 : 0 (5.0 %), C 18 : 0 (2.8 %) and C 16 : 0 (2.2 %) were also found in considerable amounts (Table S2) . Consistent with the majority of Acidobacteria species described so far but opposite to the closest relative Vicinamibacter silvestris Ac_5_C6 T , the methyl-branched fatty acid iso-C 15 : 0 dominates. In contrast, C 18 : 1 !9c is a major fatty acid of strain HEG_À6_39 T , but is only found in minor amounts in all other described Acidobacteria, with the exception of Acidobacterium capsulatum 161 T [44] .
Susceptibility to antibiotics was assessed on SSE/HD1 : 10 agar plates using discs (Oxoid) containing the following antibiotics: penicillin G (10 units), oxacillin (5 µg quinolones, carbapenems, monobactams and macrolides (Table S3 ).
The almost full-length 16S rRNA gene was amplified directly by colony PCR using primer pair 8f [45] and 1492r [46] . Sequences of the purified PCR products were determined by Sanger sequencing employing the AB 3730 DNA analyser (Applied Biosystems) and the AmpliTaq FS Big Dye terminator cycle sequencing kit. Alignment of this 16S rRNA gene sequence (1506 bp) with those of the described species of sd1, sd3 and sd6 was done with the SILVA Incremental Aligner (SINA) [19] . Phylogenetic trees were calculated using the neighbour-joining (Kimura's two-parameter evolutionary model) and maximum-likelihood (GTR+I+G evolutionary model) algorithms using the MEGA 6.0 software [47] . The G+C content for strain HEG_À6_39 T was 64.7 mol% as inferred from the full genome sequence [38] deposited at GenBank under accession number CP015436. Pairwise 16S rRNA gene sequence similarity calculated using p-distance (MEGA 6.0 software [47] ) revealed that strain HEG_À6_39 T had Vicinamibacter silvestris Ac_5_C6 T as its closest described relative with a similarity of 93.6 %. The two phylogenetic trees reconstructed placed this strain within Acidobacteria sd6 as a monophyletic group with Vicinamibacter silvestris Ac_5_C6 T and other bacteria isolated from surface soil in Louvain-La-Neuve, Belgium (Figs 2 and S2) [16] . This monophyletic group was supported by high bootstrap values.
Strain HEG_À6_39
T differed from Vicinamibacter silvestris Ac_5_C6
T as it formed smaller cells that were capable of growth at significantly lower temperatures. The fatty acid profile between the two strains also differed, strain HEG_À6_39
T possesing iso-C 15 : 0 , summed feature 3 (C 16 : 1 !6c/C 16 : 1 !7c) and C 18 : 1 !9c as major components, unlike its closest described relative where these fatty acids are minor components or absent. Regarding the polar lipid composition, two unknown phospholipids were present and one glycolipid was absent as compared with Vicinamibacter silvestris Ac_5_C6
T . Based on the phylogenetic, morphological, physiological, metabolic and chemotaxonomic properties of strain HEG_À6_39
T it was concluded that it represents a novel species of a new genus within Acidobacteria sd6 for which we propose the name Luteitalea pratensis gen. nov., sp. nov.
DESCRIPTION OF LUTEITALEA GEN. NOV.
Luteitalea (Lu.te.i.ta¢le.a L. fem. adj. lutea golden-yellow; L. fem. n. talea a slender staff; Luteitalea a yellow-pigmented, rod-shaped bacterium).
Gram-stain-negative, non-motile, non-spore-forming, noncapsulated short rods that divide by binary fisson. Catalasepositive and oxidase-negative. Aerobic, chemo-organotrophic mesophile. The respiratory quinone is MK-8. The major fatty acids are iso-C 15 : 0 , summed feature 3 (C 16 : 1 !6c/C 16 : 1 !7c), C 18 : 1 !9c and iso-C 17 : 1 !9c. Diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, phosphatidylglycerol and two unknown phospholipids are the major polar lipids. The G+C content of the genomic DNA is 64.7 mol%. The type species is Luteitalea pratensis.
DESCRIPTION OF LUTEITALEA PRATENSIS SP. NOV.
Luteitalea pratensis (pra.ten¢sis. L. fem. adj. pratensis growing in a meadow, referring to the isolation of the type strain from a grassland). Under optimal growth conditions the doubling time is 29.8 h. Grows at NaCl concentrations up to 1 % (w/v), but fastest at an NaCl concentration of 0.25 %. Uses glucose, lactose, cellobiose, galactose, mannose, melezitose, raffinose, maltose, sucrose, trehalose, xylose, casamino acids, casein hydrolysate, yeast extract, glycerin, peptone, gluconate, N-acetylgalactosamine sodium pyruvate, 2-oxogluconate, protocatechuate and aspartate as sole carbon source. No growth is observed on arabinose, fructose, fucose, sorbose, lyxose, rhamnose, lactate, adonitol, arabitol, mannitol, myo-inositol, sorbitol, xylitol, lysine, hydroxyproline, glycolate, malonate, propionate, oxaloacetate, lactate, butanol, ethanol, methanol, propanol, N-acetylglucosamine, caproate, caprylate, dulcitol, ethylene glycol, erythrose, erythrulose, a-hydroxybutyrate, isocitrate, laevulinate, arabinose, glucosamine, glucoronate, lyxitol, crotonate, heptanoate, 2-oxoglutarate, acetoin, ascorbate, glyoxylate, 2-oxovalerate, malic acid, 1,2-butanediol, 2,3-butanediol, 1,2-propanediol, alanine, leucine, arginine, asparagine, cysteine, glutamine, isoleucine, ornithine, proline, benzoate, tryptophan, acetate, butyrate, formate, b-hydroxybutyrate, g-hydroxybutyrate, isobutyrate, tyrosine, serine, phenylalanine, glycine, leucine, histidine, valine, methionine, threonine, nicotinic acid, Tween 80, laminarin, adipate, succinate, shikimate, glutamate, malate, citrate, tartrate, fermented rumen extract, isovaleric acid, fumarate, heptanoate and trimethoxybenzoate. Tests positive for alkaline phosphatase, acid phosphatase, esterase C4, trypsin, a-chymotrypsin and naphthol-AS-BI-phosphohydrolase activities. Esterase lipase C8 and leucine arylamidase show weak activities. No activities of the enzymes lipase, valine arylamidase, cysteine arylamidase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase or a-fucosidase. Nitrate reduction to nitrite and/or nitrogen, indole production, fermentation of glucose, arginine dihydrolase, urease, gelatin and aesculin hydrolysis are negative. Resistance is observed against penicillin G, oxacillin, ampicillin, ticarcillin, mezlocillin, cefalotin, cefazolin, cefotaxime, aztreonam, imipenem, chloramphenicol, erythromycin, ofloxacin, norfloxacin, pipemidic acid, nitrofurantoin, neomycin, fosfomycin, moxifloxacin, linezolid and nystatin.
The type strain, HEG_À6_39
T (=DSM 100886 T =KCTC 52215 T ), was isolated from a mown pasture grassland soil in the Hainich-Dün region, Thuringia, Germany.
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